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[57] ABSTRACT

A process for preparing organostloxane block copoly-
mers which comprises reacting (a) an organopolysilox-
ane containing Si-bonded hydroxyl groups and having
an average molecular weight of at least 800 g/mole, in
which at least 80 mole percent of the units are siloxane
units, and one valence of each silicon atom is satisfied
by an SiC-bonded organic radical, while the remaining
silicon valences are satisfied by silloxane oxygen atoms
or hydroxyl groups, with (b) a diorganopolysiloxane

- having one Si-bonded hydroxyl group in each terminal

unit and an average of at least 10 silicon atoms per
molecule in the presence of (¢) an organic solvent and
(d) an alkali metal carbonate and/or an alkali metal

carboxylate to form an organosiloxane block copoly-
mer.

> Claims, No Drawings
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ORGANOSILOXANE BLOCK COPOLYMERS

The present invention relates to organopolysiloxanes
particularly to organopolysiloxane block copolymers
and more particularly to a process for preparing or-
ganopolysiloxane block copolymers.

BACKGROUND OF THE INVENTION

Organopolysiloxane block copolymers and processes

for preparing the same are known in the art. For exam-
ple, U.S. Pat. No. 3,436,439 to Woods describes a pro-
cess for preparing organosiloxane block copolymers
which comprises reacting organopolysiloxanes having
at least 80 mole percent siloxane units and containing
Si-bonded hydroxyl groups in which one valence of
each silicon atom 1s satisfied by an SiC-bonded organic
radical, and the remaining silicon valences are satisfied
by siloxane oxygen atoms or hydroxyl groups, and have
an average molecular weight of at least 800 g/mole,
with diorganopolysiloxanes having one Si-bonded hy-
droxyl group in each terminal unit and an average of at
least 10 silicon atoms per .molecule in an organic sol-

vent. In contrast to the known processes for preparing
organosiloxane block copolymers, and especially the

process described in the above reference, the process of
the present invention provides certain advantages. For
example, the reaction time is substantially reduced, the
process i1s more efficient, i.e., fewer steps are required
and more uniform linear and branched organopolysilox-
- ane block copolymers are formed. In addition, the pro-
cess of this invention provides products after evapora-
tion of the solvent, which are non-adhesive even in the
absence of a crosslinking agent. |
Therefore, 1t 1s an object of this 1nvent10n to prowde
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a process for preparing organopolysiloxane block co-

polymers. Another object of this invention is to provide
a more efficient process for preparing organopolysilox-
ane block copolymers. Still another object of this inven-
tion 1s to provide a process for preparing organopolysi-
loxane block copolymers which may be duplicated
from batch-to-batch. A further object of this invention
is to provide a process for preparing more uniform
linear and branched organopolysiloxane block copoly-
mers. A still further object of this invention is to pro-
vide a process for preparing {)rgan()polysiloxane block
copolymers which are nonadhesive in the absence of a
crosslinking agent. |

SUMMARY OF THE INVENTION

The foregoing objects and others which will become
apparent from the following description are accom-
plished in accordance with this invention, generally
speaking, by providing a process for prepanng organo-
polysﬂoxane block copolymers which comprises react-
ing (a) organopolysiloxanes containing Si-bonded hy-
droxyl groups and having an average molecular weight
of at least 800 g/mole, in which at least 80 mole-percent
of the units are siloxane units and one valence of each
stlicon atom is satisfied by an SiC-bonded organic radi-
cal, while the remaining silicon valences are satisfied by
siloxane oxygen atoms or hydroxyl groups, with (b)
diorganopolysiloxanes having one Si-bonded hydroxyl
group in each terminal unit and an average of at least 10
silicon atoms per molecule, in the presence of (c) an
organic solvent and (d) an alkali metal compound se-
lected from an alkali metal carbonate, an alkali metal
carboxylate and mixtures thereof.
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DETAILED DESCRIPTION OF THE
INVENTION

The organopolysiloxanes (a) containing Si-bonded

‘hydroxyl groups and having an average molecular

weight of at least of 800 g/mole, in which one valence
of each silicon atom is satisfied by an SiC-bonded or-
ganic radical, and the remaining silicon valences are
satisfied by siloxane oxygen atoms or hydroxyl groups,
contain at least 80 mole-percent of siloxane units of the

‘general formula

RSi103/3,

where R represents the SiC-bonded organic radical.
Other siloxane units which may be present are prefera-
bly R2S10, R3Si01/7, or SiQ4/2 units, where R is the
same as above. |
Although it is essential that the hydroxyl contalnlng
organopolysiloxane contain at least 80 mole-percent of
R Si103/2 units, it is preferred that the organopolysilox-

‘ane contain at least 90 mole-percent of R SiO3/; units.

The SiC-bonded organic radicals in the hydroxyl
containing organopolysiloxane (a) which consists of at
least 80 mole-percent and more preferably at least 90
mole-percent of siloxane units, in which one valence of
each silicon atom is satisfied by an SiC-bonded organic
radical while the remaining silicon valences are satisfied
by siloxane oxygen or hydroxyl groups, as well as the R
radicals in the above formula. The radicals represented
by R are preferably alkyl radicals having from 1 to 4
carbon atoms, such as methyl, ethyl, or n-butyl radicals
or aromatic radicals such as the phenyl radical, with the
phenyl radical being the preferred radical.

The upper limit for the molecular weight of the or-

- ganopolysiloxane (a) containing Si-bonded hydroxyl -~
-groups which contain at least 80 mole-percent of silox-

ane units in which one valence of each silicon atom is
satisfied by an SiC-bonded organic radical, and the
remaining silicon valences are satisfied by siloxane oxy-
gen atoms or hydroxyl groups, is not critical as long as
the organopolystloxane (a) is soluble in the solvent at
the particular reaction temperature.

The amount of Si-bonded hydroxyl groups present in
the organopolysiloxane (a) containing Si-bonded hy-
droxyl groups is preferably 0.1 to 7 percent by weight.

Processes for preparing the organopolysiloxanes con-
taining Si-bonded hydroxyl groups described above are
well known in the art. They may be prepared by hydro-
lyzing phenyltrichlorosilane or methyltrichlorosilane,
or by hydrolyzing a mixture of phenyltnchlorosﬂane
and methyltrichlorosilane.

Dlorgan(}polysﬂoxanes (b) having one Si-bonded
hydroxyl group in each terminal unit and an average of |
at least 10 silicon atoms per molecule can be represented
by the general formula

HOSIR7'O(S1R2'0),S51R2'OH,

where R’ represents the same or different monovalent
hydrocarbon radicals or substituted monovalent hydro-
carbon radicals, and n represents a whole number equal
to at least 8.

In addition to the diorganosiloxane units (SiR2'O),
present in the siloxane chain, other stloxane units may
also be present within and/or along the siloxane chain

- of the diorganopolysiloxane illustrated above. Exam- -

ples of such other siloxane units are those having the
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formulas R'S103/,2, K3'Si101/,2, and $104/2, where R’ 1s
the same as above. However, siloxane units other than
the diorganosiloxane units are preferably present in an
amount which does not exceed about 20 mole-percent,

and more preferably does not exceed about 5 mole-per- S
cent. |

Examples of hydrocarbon radicals represented by R’
are alkyl radicals having from 1 to 18 carbon atoms,
such as methyl, ethyl, propyl, butyl, hexyl and octa-
decyl radicals; alkenyl radicals having from 2 to 5 car- 10
bon atoms such as vinyl, allyl, ethylallyl and butadieny!
radicals; aryl radicals such as the phenyl radical; alkaryl
radicals having from 7 to 16 carbon atoms such as tolyl
radicals; and aralkyl radicals having from 7 to 16 carbon
atoms such as the beta-phenylethyl radical. 15

Examples of substituted monovalent hydrocarbon
radicals represented by R’ are particularly halogenated
aliphatic hydrocarbon radicals such as the 3,3,3-tri-
fluoropropyl radical.

The diorganopolysiloxanes (b) which may be used in 20
accordance with this invention are dimethylpolysilox-
anes, phenylmethyipolysiloxanes, diphenylpolysilox-
anes, methylvinylpolysiloxanes, or mixtures of such
diorganopolysiloxanes, with the proviso that these dior-
ganopolysiloxanes have one Si-bonded hydroxyl group 25
in each terminal unit and an average of at least 10 silicon
atoms per molecule. |

At least 80 percent of the number of R’ radicals are
preferably methyl radicals, because of their availability.

The upper limit for the number of silicon atoms pres- 30
ent in the diorganopolysiloxane (b) used in this inven-
tion is not critical; however, one Si-bonded hydroxyl
group must be present in each terminal unit and the
diorganopolysiloxane must have an average of at least
10 silicon atoms per molecule. 35

The amount of diorganopolysiloxane (b) having one
Si-bonded hydroxyl group in each terminal unit and an
average of at least 10 silicon atoms per molecule is
preferably from 10 to 90 percent by weight, based on
the total weight of the organopolysiloxanes. 40

The greater the amount of diorganopolysiloxane (b)
used, the more flexible and elastomeric the resultant
reaction product. The greater the amount of organo-
polysiloxane (a) used, which consists of at least 80 mole-
percent of siloxane units in which one valence of each 45
silicon atom is satisfied by an Si-bonded organic radical,
the harder the resultant reaction product.

Any organic solvent in which the organopolysilox-
anes are soluble at the particular reaction temperature
and which are inert towards the other components of 50
the reaction mixture may be used as a solvent in the
process of this invention. Aromatic solvents such as
benzene, toluene or xylenes are preferred. Other exam-
ples of suitable solvents are petroleum ether, chloroben-
zene, esters and tetrahydrofuran. - 55
- Organic solvents are preferably used in an amount of
at least 30 percent by weight and more preferably at
least 50 percent by weight, based on the weight of the
reaction mixture.

Examples of suitable alkali metal carbonates are lith- 60
ium carbonate, sodium carbonate, potassium carbonate,
rubidium carbonate, and cesium carbonate. Examples of
suitable alkali metal carboxylates are lithium acetate,
sodium acetate, potassium acetate, rubidium acetate and
cesium acetate. The preferred alkali metal carbonate 1s 65
sodium carbonate.

The alkali metal compounds, i.e., the alkali metal
carbonates or alkali metal carboxylates or mixtures of

4l
such alkali metal compounds, are preferably used in an
amount of from 0.1 to 3 percent by weight, based on the
total weight of the organopolysiloxanes.
In order to control the molecular weight of the or-

ganosiloxane block copolymer prepared in accordance
with this invention, compounds such as those having

the general formulas, R3 Si (OSiR2)»,OR", or
(R381);NH may be employed, where R’ is the same as
above, R" is hydrogen or an alkyl group having from 1
to 4 carbon atoms, and m is 0 or a whole number equal
to at least 1.

The reaction is preferably conducted at the reflux
temperature of the solvent and at ambient pressure. If
desired, however, higher or lower temperatures and/or
higher or lower pressures may be used.

The water formed during the reaction may be readily
removed through a water separator connected to the
reflux condenser, when the solvent is immiscible or only
slightly miscible with water.

When the reaction is complete, a drop of the reaction
mixture placed on a glass plate produces a non-adhe-
sive, homogeneous film after evaporation of the solvent.

When the reaction is carried out at a temperature of
from 100° C. to 140° C,, it is generally complete in from
1 to 2 hours.

The organosiloxane block copolymers prepared in
accordance with this invention can be used where heat
resistance, low flammability, water resistance or com-
paratively high-energy radiation resistance, non-adhe-
sive surfaces, and/or insulation of electrical conductors
are desired. The organosiloxane block copolymers pre-
pared in accordance with this invention can be used as
coatings, for impregnating, or as bonding agents for
organic or inorganic substrates or for treating finely
divided materials such as wood, fabrics including glass
fabrics, metals, e.g., aluminum, mica, asbestos, rock
wool, magnesium oxide or silicon dioxide.

In the following examples all parts and percentages
are by weight unless otherwise specified.

EXAMPLE 1

A mixture containing 100 parts of a phenylpolysilox-
ane which consists of 100 mole-percent of siloxane units
in which one valence of each silicon atom is satisfied by
the phenyl radical while the remaining silicon valences
are satisfied by siloxane oxygen atoms or hydroxyl
groups (CgHsSi03/2), in which the melting point is 53°
C., with an average molecular weight of about 1700
g/mole, and 5.2 percent by weight of Si-bonded hy-
droxyl groups, 100 parts of 2 dimethylpolysiloxane hav-
ing one Si-bonded hydroxyl group in each terminal unit
with a viscosity of 80 mm2.s—1!at 25° C., and at least 10
silicon atoms per molecule, 0.66 parts of anhydrous
sodium carbonate, and 300 parts of toluene is refluxed
for 2 hours in a 1-liter 3-necked flask equipped with a
stirrer and reflux condenser having connected thereto a
water separator. The water is removed through the
water separator. After 2 hours, a drop of the reaction
mixture placed on a glass plate produces a non-adhe-
sive, homogeneous film after the solvent has been evap-
orated. The reaction mixture is mixed with 37 parts of
n-butanol after distilling off 137 parts of toluene, and 0.2
parts of trimethylchlorosilane is added to inactivate the
sodium carbonate. |

The 50 percent by weight solution of organosiloxane
block copolymer thus obtained produces a firm, com-
pletely nonadhesive and elastomeric film immediately
after evaporation of the solvent at room temperature.
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These film properties are present even after heating at
250° C. in air for 200 hours.

EXAMPLE 2

The procedure described in Example 1 is repeated,
except that 120 parts of a phenylpolysiloxane are substi-
tuted for the 100 parts of phenylpolysiloxane, and 80
parts of dimethylpolysiloxane are substituted for the 100
parts of the dimethylpolysiloxane.

EXAMPLE 3

The procedure described in Example 1 is repeated,
except that 80 parts of phenylpolysiloxane are substi-
tuted for the 100 parts of phenylpolysiloxane, and 120
parts of dimethylpolysiloxane are substituted for the 100
parts of dimethylpolysiloxane.

- EXAMPLE 4

The procedure described in Example 1 is repeated,
except that 66 parts of phenylpolysiloxane is substituted
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for the 100 parts of phenylpolysiloxane, and 134 parts of

dimethylpolysiloxane are substituted for 100 parts of
dimethylpolysiloxane.

Light opalescent solutions are obtained from Exam-
~ ples 2, 3 and 4 which produce non-adhesive films of
“high mechanical strength after evaporation of the sol-
- vent. These films can be made insoluble and infusible by
heating at 180° C. for 10 to 20 mmutes

What is claimed is:

1. A process for preparmg organosﬂoxane block co-
polymers which comprises reacting (a) organopolysi-
loxanes containing Si-bonded hydroxyl groups and hav-
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ing an average molecular weight of at least 800 g/mole
in which at least 80 mole-percent of the siloxane units of
the organopolysiloxanes are represented by the formula
RSi01/;, where R is an SiC-bonded organic radical and
the remaining silicon valences are satisfied by siloxane
oxygen atoms or hydroxyl groups with (b) dior-
ganopolysiloxanes having one Si-bonded hydroxyl
group in each terminal unit and an average of at least 10
silicon atoms per molecule in which siloxane units other
than diorganosiloxane units are present in an amount
which does not exceed about 20 mole percent, in the
presence of (¢) an organic solvent for the organopolysi-
loxanes and (d) an alkali metal carbonate.
2. The process of claim 1, wherein the reaction is
conducted in the presence of sodium carbonate.

3. The process of claim 1, wherein the dior-
ganopolysiloxane (b) is represented by the formula

HOSiR2'O(SiR2'0),SiR2'OH

where R’ is selected from the group consisting of mono-
valent hydrocarbon radicals and substituted monova-
lent hydrocarbon radicals and n is equal to at least 8.
4. The process of claim 1, wherein the dior-
ganopolysiloxane (b) is present in an amount of from 10

- to 90 percent by weight based on the welght of the
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organopolysiloxanes (a) and (b).
S. The process of claim 1, wherein the alkali metal
carbonate is present in an amount of from 0.1 to 3 per-

-cent by weight based on the weight of the organopolysi-
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loxanes (a) and (b).
| o
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